Background. Patients suffering from severe lower limb ischemia may experience pain relief on leg dependency despite the fact that dependency normally results in arteriolar vasoconstriction. To clarify this possible paradox, skin microcirculation of the limb was investigated in 75 patients with different stages of lower limb ischemia and in 12 asymptomatic subjects.
Background. Patients suffering from severe lower limb ischemia may experience pain relief on leg dependency despite the fact that dependency normally results in arteriolar vasoconstriction. To clarify this possible paradox, skin microcirculation of the limb was investigated in 75 patients with different stages of lower limb ischemia and in 12 asymptomatic subjects.
Methods and Results. Using nailfold capillary video microscopy, red blood cell-perfused capillary density and diameter and red blood cell velocity were assessed in supine and sitting positions. Capillary density increased by changing from the supine to the sitting position, especially in patients with limb-threatening ischemia (showing a 4.5-fold increase versus a 1.5-fold increase in asymptomatic subjects). In subjects without or with mild ischemia, capillary perfusion was two to four times lower in the sitting than in the supine position. In patients with limb-threatening ischemia, perfusion was strongly reduced, being slightly higher in the sitting position. Patients with relief of pain while sitting did not always have a higher capillary perfusion but did have a higher capillary density in the sitting position.
Conclusions. The arteriolar postural vasoconstrictive mechanism at the nutritive level is still intact in subjects without or with mild ischemia but not in patients with severe ischemia. Capillary recruitment rather than disturbed arteriolar vasoconstriction could explain why patients with severe leg ischemia prefer leg dependency. (Circulation 1992;85:223-229) P atients with severe lower limb ischemia may experience relief of nocturnal or rest pain on leg dependency. As yet, this phenomenon has not been explained satisfactorily. Under physiological conditions, arteriolar vasoconstrictive mechanisms lead to reduced lower limb perfusion when changing from the supine to the sitting position. [1] [2] [3] The mechanism involved can be of central sympathetic45 and/or local origin. In the latter case, myogenic response and venoarteriolar axon reflex have been considered.6 '7 There are indications that these mechanisms are disturbed in patients experiencing relief of pain on leg dependency, resulting in enhanced rather than decreased perfusion on dependency. [8] [9] [10] [11] [12] [13] [14] [15] In these studies, skin perfusion was measured with the use of the 133Xe washout method, transcutaneous oximetry, or laser Doppler fluxmetry. Techniques measuring total skin microcirculatory blood flow do not allow the distinction between capillary and thermoregulatory flow. Moreover, the measured increases in flow were often limited.
It was the aim of the present study to investigate the microcirculatory changes induced by leg dependency in patients with different stages of lower limb ischemia. To this end, in these patients skin nutritive flow was determined in both the supine and the sitting positions by using intravital video microscopy of the toe nailfold. Besides dynamic parameters, morphological parameters were also assessed because improvement on dependency might not only result from enhanced flow but also by an increase in erythrocyte-perfused capillary density leading to an enlarged surface area for exchange.
Methods Patients
Twelve asymptomatic subjects and 75 patients suffering from arterial obstructive disease in at least one leg participated in the study. The betics did participate in this study. Their findings were interpreted separately to assess possible differences in microvascular reactivity between diabetic and nondiabetic patients. All were well-regulated diabetics. Peripheral neuropathy was ruled out when patients stated no experience of paresis or loss of sensibility and skin tactile sensibility showed no abnormalities during clinical examination. Patients refrained from smoking and did not take caffeine or alcohol for at least 1 hour before examination.
Experimental Protocol
Measurements were performed after 20 minutes of acclimatization in sitting position in a room between 230 and 24°C. Patients were subjected to capillary microscopy of the nailfold of the great toe (see "Equipment") first in the sitting position and then in the supine position. Measurements in the sitting position were followed by a 10-minute interval in which the setup was readjusted and the patient could adapt to the supine position before repeating the measurements. In this position, capillary microscopy was performed after tilting the microscope and stage about 45°. The patient was positioned on a bench with the knee slightly (approximately 300) flexed so that the foot could be placed on the stage of the microscope.
In both positions, capillary density was investigated first. Capillary diameter and red blood cell velocity (RBCV) were then measured in usually four but at least three capillaries. In patients in group 1, sometimes only three capillaries could sufficiently be investigated. The same capillaries could be identified and measured easily in either position because every capillary has a unique morphology. RBCV was assessed both at rest and during reactive hyperemia after a 1-minute arterial occlusion induced by inflating a cuff around the ankle. This hyperemia procedure was performed in each of the at least three capillaries investigated in both positions. To ensure that the previous hyperemic response had subsided, the measurements in the different capillaries were performed with an interval of at least 3 minutes, which is longer than the duration of reactive hyperemia.18 In the supine position, the leg was not completely straight but had 300 flexion in the knee. In this position, inflation of the ankle cuff cannot cause movement artifacts of the foot under the microscope. The aver- Figure 1 .
Incident illumination was achieved using a Leitz Ploemopak 2.1 system equipped with a Leitz polarizer (POL) cube. The light from a 100 -W mercury arc was projected directly through the POL cube and the objective lens onto the nailfold. The POL cube consists of a 50% transmission/50% reflection mirror in a 450 position with respect to the optical axis of the microscope. The POL cube contains a polarizer in the illumination pathway and a crossed analyzer in the image-forming pathway to cancel the light reflected from lenses and skin surface.21,22 Neutral density filters were used to adjust the light intensity at the camera, and a heat absorption/reflection filter was used to protect the skin against local temperature increases caused by the incident light.
Off-line Analysis
From the stored video images, the following parameters were assessed: 1) the number of erythrocyte-perfused capillaries per square millimeter of nailfold skin (density) as counted (at rest) in a video screen (effective surface area 1.86 mm2), that is, about 1.6 mm proximal of the terminal row of capillaries; 2) RBC (red blood cell) column width (representing the diameter) in the arteriolar limbs of the capillary loops in micrometers, measured halfway between the visible base and the crest of the loop: The distance between the measuring site and the capillary crest varied from about 50 to 250 ,um. Within this distance, the diameter did not vary substantially; 3) RBCV (in micrometers/sec) assessed at rest (Restv) and at peak reactive hyperemia (Peakv): The velocity was measured with a flying spot device. This instrument generates dots that move over the monitor screen at a known, adjustable speed. RBCV is assessed by synchronizing the moving dots with the blood cells and plasma gaps in the arteriolar branch of the capillary.23 This technique was used because very low velocities, as can be expected in the patients studied, can be assessed in a reproducible and more accurate manner than with other techniques currently in use. 24 Peak RBCV was measured as follows: from the release of the cuff on, the reactive hyperemia response is observed and the velocity of the moving dots is synchronized continuously with the moving blood cells until the speed no longer increases. At this moment, RBCV is read from the display and is recorded as the peak velocity; 4) Capillary volume flow (Volflow) at rest per square micrometer of nailfold skin, that is, average Restvx xrx(average capillary radius)2x capillary density per square micrometer; and 5) supine to sitting velocity ratios, obtained by dividing the RBCV in both positions in each patient: This ratio was used to obtain better insight into the individual changes in perfusion caused by changes in posture because it is an index for the effectiveness of the postural vasoconstrictive mechanisms (vasoconstriction index). This approach was taken because median ratios for a group may be different from the ratios calculated from the group median values. When RBCV was zero in both the supine and the sitting positions, the ratio was also regarded as zero. Figure 4 , individual capillary Restv was about four to six times higher in the supine than in the sitting position in groups 2-5 (p<0.005), illustrating effective arteriolar vasoconstriction in the sitting position. In contrast, Restv in group 1 increased on dependency, leading to ratios below unity. However, this increase did not reach the level of significancy.
In both positions, the trends in Peakv were similar to those in Restv ( Figure 5 ). In the supine position, median Peakv was very low in group 1 (55 ,um/sec compared with 175 ,um/sec in group 2). In groups 1 and 2, Peakv appeared to be only slightly higher than the Restv, indicating the absence of reactive hyperemia. In the sitting position, Peakv decreased slightly from a median of 120 gm/sec in group 5 to a median of 59 ,um/sec in group 1 and was two to four times higher in the supine than in the sitting position in groups 2-5.
In groups 3-5, volume flow ( Figure 6 ) was persistently lower in the sitting than in the supine position. In group 1, however, in the supine position, volume flow was markedly reduced (p<0.005) compared with the other groups and increased significantly in the sitting position (p<0.05), most probably due to capillary recruitment.
All patients with relief on dependency had an ABI .50%. In this ABI range, the median ABI between patients with and without relief did not differ significantly (data are shown in Table 3 ABI, ankle-to-brachial systolic blood pressure index; RBCV, red blood cell velocity.
These findings indicate that in subjects with normal or limited compromised circulation, the dependencyinduced arteriolar vasoconstriction is still intact, but that this mechanism is disturbed in patients with severe ischemia. This disturbance is likely to be local in origin, but it is unknown whether it is caused by diminished contractile properties of the smooth muscle cells in the arteriolar wall or by disturbances in local reflex mechanisms.
It is an interesting observation that in both the asymptomatic subjects and the patients with mild or severe peripheral vascular disease, RBC-perfused capillary density increased significantly on dependency, thereby enlarging the surface area for exchange. This increase in density can possibly be explained by a rise in transmural pressure because the effective perfusion pressure does not change on dependency. In asymptomatic subjects and in patients with mild disease, the increase in density is associated with arteriolar constriction; therefore, the rise in capillary transmural pressure, if any, probably results from the increase in venous pressure. The transmural pressure increase on dependency is also indicated by the tendency of the capillary diameter to increase under these circumstances.
The observation that in not all patients with rest pain, dependency leads to pain relief (despite the fact that capillary density and blood flow increase when changing to the sitting position) may be explained by the progressed state of the disease in several of these patients. In some of them, rest pain was present in both the supine and sitting positions; although they reported having experienced pain relief on dependency in the past. This is of important clinical diagnostic value because it indicates a terminal stage of the disease in which the nutritional circulation will be insufficient in either position, inevitably resulting in tissue necrosis. The same can be said concerning severely diseased patients showing absence of reactive hyperemic response (i.e., loss of flow reserve). Further reduction of arterial perfusion pressure with progression of the disease will not lead to compensatory microvascular dilatation and will thus induce tissue loss.
In this study, postural microvascular reactivity in patients with noninsulin-dependent diabetes mellitus could not be discerned from nondiabetics. It is also possible that in both types of patients, atherosclerosis is the dominating disease.
It is concluded that in the clinic, posturally induced arteriolar vasoconstriction leading to diminished leg perfusion on dependency can be assessed with the use of capillary video microscopy. The findings in this study show that patients with limb-threatening ischemia (ABI <20%) show disturbed arteriolar vasoconstriction resulting in enhanced capillary recruitment and increased nutritive RBCV. The relief of pain on dependency may be explained by an increase in RBC-perfused capillary density, which enlarges the surface area for exchange rather than an increase in capillary perfusion.
